S
evere sepsis and septic shock are major causes of death in critically ill patients, 1 with a mortality rate of 14% to 40%. 2 Increased compliance with sepsis performance bundles is associated with a reduction in mortality. 3, 4 As fundamental principles for sepsis management, early recognition, control of infection, early and appropriate administration of antibiotics, and resuscitation with IV fluids and vasoactive drugs are widely accepted by intensivists. 5 Early adequate hemodynamic resuscitation is emphasized, as the key elements should be focused on saving lives.
A proof-of-concept trial 6 found that, when compared with a control protocol, early hemodynamic resuscitation with a specific protocol termed early goal-directed therapy (EGDT) improved outcomes in patients with severe sepsis. Several additional studies using a similar protocol involving central venous pressure, mean arterial pressure, and central venous oxygen saturation (Scvo 2 ) to guide hemodynamic resuscitation also found a survival benefit with EGDT. [7] [8] [9] As a result, EGDT principles are subsequently incorporated into the early hemodynamic resuscitation bundle of the Surviving Sepsis Campaign guidelines. 5 However, in 3 multicenter randomized trials [10] [11] [12] (Protocolized Care for Early Septic Shock [ProCESS] study, the Australasian Resuscitation in Sepsis Evaluation [ARISE] study, and Protocolized Management in Sepsis [ProMISe] trial) published recently, EGDT did not decrease mortality in severe sepsis and septic shock when compared with control care.
The controversial question of whether EGDT improves outcome of severe sepsis and septic shock thus remains relevant. Moreover, whether specific patient characteristics are associated with a potential benefit of EGDT is also unclear. Finally, whether all elements of the protocol are necessary in the hemodynamic resuscitation of severe sepsis and septic shock is unknown. Our goal was to perform a meta-analysis to examine whether EGDT improved outcome when employed in the resuscitation of adult patients with severe sepsis and septic shock compared with control therapy.
BACKGROUND:
Whether early goal-directed therapy (EGDT) improves outcome in severe sepsis and septic shock remains unclear. We performed a meta-analysis of existing clinical trials to examine whether EGDT improved outcome in the resuscitation of adult sepsis patients compared with control care. METHODS: We searched for eligible studies using MEDLINE, Elsevier, Cochrane Central Register of Controlled Trials, and Web of Science databases. Studies were eligible if they compared the effects of EGDT versus control care on mortality in adult patients with severe sepsis and septic shock. Two reviewers extracted data independently. Data including mortality, sample size of the patients with severe sepsis and septic shock, and resuscitation end points were extracted. Data were analyzed using methods recommended by the Cochrane Collaboration Review Manager 4.2 software. Random errors were evaluated by trial sequential analysis (TSA). RESULTS: Nine studies compared EGDT with control care, and 5202 severe sepsis and septic shock patients were included. A nonsignificant trend toward reduction in the longest all-cause mortality was observed in the EGDT group compared with control care (relative risk, 0.89; 99% confidence interval, 0.74-1.07; P = 0.10). However, EGDT significantly reduced intensive care unit mortality in severe sepsis and septic shock patients (relative risk, 0.72; 99% confidence interval, 0.57-0.90; P = 0.0002). TSA indicated lack of firm evidence for a beneficial effect. CONCLUSIONS: In this meta-analysis, a nonsignificant trend toward reduction in the longest all-cause mortality in patients resuscitated with EGDT was noted. However, EGDT significantly reduced intensive care unit mortality in severe sepsis and septic shock patients. TSA indicated a lack of firm evidence for the results. More powered, randomized controlled trials are needed to determine the effects. 
METHODS Approval
Our IRB does not require ethics approval for systematic reviews, including network meta-analyses, because there are no data being collected from patients. We evaluated and synthesized only data in published trials.
Search Strategy for Identification of Relevant Studies
We searched the following databases: Medline, Elsevier, Cochrane Central Register of Controlled Trials, and Web of Science databases. The following keywords were used as searching terms: "goal-directed" or "goal-directed resuscitation" or "early goal-directed therapy" or "EGDT" or "bundle" or "sepsis bundle" and "sepsis" or "severe sepsis" or "septic shock" or "shock" or "critical ill" or "critical illness" or "intensive care units" or "intensive care" or "critical care" or "ICU." No language restrictions were placed on the search. All databases were searched for articles published from inception until March 17, 2015 . Additional files and supplementary appendices of the relevant articles were also reviewed. Detailed search strategies are shown in Supplemental Digital Content 1 (http:// links.lww.com/AA/B409).
Study Selection
One reviewer screened the search results, and the fulltext manuscripts of all potentially eligible studies were acquired. All the articles were then reviewed by 2 reviewers independently in accordance with the inclusion and exclusion criteria. Twelve disagreements between the 2 reviewers were resolved by consensus and discussion including a third reviewer. Any inconsistency in study inclusion and exclusion and their reason lead to the discussion. Details of the consensus are shown in Supplemental Digital Content 2 (http://links.lww.com/ AA/B410).
Inclusion and Exclusion Criteria
We included trials with the following features: 
Quality Assessment
The quality of each article was assessed by 2 reviewers independently. Disagreement that occurred once was resolved by consulting a third reviewer. The 5-point Jadad scale 13 was calculated to assess the quality of the trial. This scale includes the method of randomization, blinding, and loss to follow-up. In addition, sequences generation, allocation concealment, incomplete outcome data, selective reporting, and other bias were also inspected to assess the risk of bias. The latter was reported as low risk, unclear risk, or high risk for each trial. Low risk was defined as low risk of bias in all domains. Unclear risk was defined as unclear risk of bias in at least 1 domain with no high risk of bias domains. High risk was defined as high risk of bias in 1 or more domains.
Data Extraction and Management
Using a data extraction table, 2 reviewers independently extracted data. Disagreements that occurred twice were resolved by discussion with another reviewer until a consensus was achieved. Then, data were proofread by another reviewer.
Mortality data were recorded as primary predefined outcome parameters during the data extraction. When >1 value for mortality was provided by the article, the mortality for the longest complete follow-up was preferentially used in the meta-analysis. If no 28-day or 90-day mortality values were presented, intensive care unit (ICU) or hospital mortality, or mortality at other time points, was recorded. Ninety-day mortality was reported by the ProCESS study, 10 the ARISE study, 11 and the ProMISe study. 12 Sixty-day mortality was reported by the study of Rivers et al. 6 Twenty-eight-day mortality was reported by the study of Yan et al.
14 Fourteen-day mortality was reported by the study of Wang et al. 15 In-hospital mortality was reported by the study of Rivers et al, 6 the ProCESS study, 10 the ARISE study, 11 the ProMISe study, 12 the study of Jones et al, 16 and the study of Lu et al. 17 ICU mortality was reported by the ARISE study, 11 the study of Yan et al, 14 the study of Wang et al, 15 and the study of Chen et al. 18 Other data, including ICU length of stay, study characteristics, inclusion and exclusion criteria, sample size of the trial, resuscitation end points, and detailed information, were extracted as secondary predefined outcome parameters. If there was insufficient information in the publications, the authors were contacted to obtain missing information.
The effects of EGDT on all-cause mortality, hospital mortality, ICU mortality, and ICU length of stay in severe sepsis and septic shock patients were observed in the meta-analysis. Then effects of EGDT on mortality in severe sepsis and septic shock patients with different severity of illness and with/without venous oxygen saturation were evaluated.
Statistical Analysis
Data were analyzed by Review Manager 4.2 (The Nordic Cochrane Center, Rigshospitalet, Copenhagen, Denmark). The relative risk for dichotomous data and mean differences for continuous data with 99% confidence intervals (CIs) were calculated. The statistical heterogeneity of the data was explored and quantified using the I 2 test. Heterogeneity was predefined as P < 0.05. I 2 value of 0% to 24.9%, 25% to 49.9%, 50% to 74.9%, and 75% to 100% were considered as none, low, moderate, and high thresholds, respectively. 19, 20 The randomized-effects model was used if heterogeneity was observed 21 ; otherwise, the fixed-effects model was used. To explore the significant heterogeneity, sensitivity analyses were performed. Results were considered statistically significant at 2-sided P < 0.01.
Most continuous data were displayed by mean ± SD. However, the ICU length of stay was reported by median and interquartile ranges in ARISE 11 and ProMISe trial, 12 with large sample sizes. As a result, we used median instead of mean, and SD calculated by interquartile range divided by 1.35.
Predefined subgroup analysis was conducted comparing EGDT protocols with and without Scvo 2 . In addition, we performed post hoc analyses according to setting (emergency department versus ICU), timing (within 6 hours versus unclear), and fluids (fluid resuscitation volume in 6 hours >4 L versus fluid volume in 6 hours <4 L).
With the type I errors resulting from an increased risk of error and repeated significance testing, trial sequential analysis (TSA; TSA software version 0.9 Beta; Copenhagen Trial Unit, Copenhagen, Denmark) was performed to combine information size estimation with an adjusted threshold for statistical significance in the cumulative meta-analysis. Information size was calculated as diversity-adjusted information size, suggested by the relative risk reduction of the intervention in the included studies.
RESULTS

Study Location and Selection
A total of 1135 records were identified through the initial search, and 149 were removed as duplicates. The remainder of the 986 records was screened. After assessment of the titles and abstracts, 943 articles were excluded as irrelevant; 2 fulltext articles were unavailable. The flow diagram is presented in Figure 1 . In total, 41 potentially eligible studies were identified and 32 of these were excluded, leaving 9 studies 6, [10] [11] [12] [14] [15] [16] [17] [18] that met inclusion criteria and compared EGDT with control care. Detailed excluded articles are listed in Supplemental Digital Content 2 (http://links.lww.com/AA/B410).
Study Characteristics
The characteristics of the included studies are shown in Supplemental Digital Content 3 (http://links.lww.com/ AA/B411). The meta-analysis included 5202 severe sepsis and septic shock patients, 2382 in the EGDT group and 2820 in the control group. Among the 9 trials, 5 [10] [11] [12] 14, 16 were multiple-center studies, and the remaining 4 6, 15, 17, 18 were singlecenter studies. Four trials 14, 15, 17, 18 were conducted in the ICU, and the remaining 5 6, [10] [11] [12] 16 were conducted in the emergency department. Seven trials 6, [10] [11] [12] 14, 17, 18 enrolled and resuscitated patients within 6 hours, and 2 trials 15, 16 reported unclear timing of enrollment. The severity of disease was reported in each study by the acute physiology and chronic health evaluation II score (APACHE II score), and data were presented as mean ± SD or medians (interquartile ranges). The distinction between higher severity of disease and less severity was differentiated by us according to the means of APACHE II scores in each article. Quality assessment of the included studies is shown in Table 2 . Three trials 6, 10, 16 were judged to be at low risk of bias or unclear risk of bias, and the remaining 6 trials 11, 12, 14, 15, 17, 18 were judged to be at high risk of bias. None of the 9 studies was double-blinded because of the extreme difficulty in blinding required to evaluate the complex intervention such as EGDT. However, we judged that mortality and ICU length of stay were not likely to be influenced by lack of blinding.
The Effects of EGDT on Mortality in Severe Sepsis and Septic Shock Patients
The effects of EGDT on mortality in patients with severe sepsis were estimated from 9 trials (Figure 2) , and the heterogeneity was observed (P = 0.04, I 2 = 51.6%). The longest complete follow-up mortality rates of all the trials were evaluated in the analysis of all-cause mortality. The overall mortality in the EGDT and control group was 636 of 2382 (26.7%) and 831 of 2820 (29.5%), respectively. No significantly reduced all-cause mortality was observed in EGDT group compared with control care (relative risk [RR], 0.89; 99% CI, 0.74-1.07; P = 0.10).
The Effects of EGDT on Hospital Mortality in Severe Sepsis and Septic Shock Patients
Six trials 6, [10] [11] [12] 16, 17 reported hospital mortality in patients with severe sepsis and septic shock. Hospital mortality was not significantly different between EGDT and control care (RR, 0.98; 99% CI, 0.78-1.24; P = 0.86). 
The Effects of EGDT on ICU Mortality in Severe Sepsis and Septic Shock Patients
Four trials 11, 14, 15, 18 reported ICU mortality in patients with severe sepsis and septic shock. EGDT significantly reduced ICU mortality in severe sepsis and septic shock patients (RR, 0.72; 99% CI, 0.57-0.90; P = 0.0002).
The Effects of EGDT on Mortality in Severe Sepsis and Septic Shock Patients With Different Severity of Illness
For patients with a higher severity of disease (APACHE II score ≥ 20), mortality benefit trended toward EGDT (RR, 0.87; 99% CI, 0.74-1.03; P = 0.03) when compared with control care (Figure 3 ).
The Effects of Goal-Directed Therapy on Mortality in Severe Sepsis and Septic Shock Patients With and Without Central Venous Oxygen Saturation
Predefined subgroup analysis according to protocol with versus without Scvo 2 suggested no significant difference of mortality between the 2 protocols; however, mortality benefit trended toward Scvo 2 monitoring (RR, 0.88; 99% CI, 0.73-1.06; P = 0.07) when compared with protocol including identical remaining intervention goals (Figure 4 ).
Post Hoc Subgroup Analyses for Overall Mortality
Post hoc subgroup analyses (Table 3) according to the setting of EGDT for resuscitation suggested that mortality benefit was only seen in the subgroup when EGDT was conducted in the ICU (RR, 0.67; 99% CI, 0.51-0.88; P = 0.0002) but not in the subgroup conducted in the emergency department. Moreover, although there was a lack of statistical significance, more trending toward reduced mortality was found when EGDT was performed within 6 hours than when timing of EGDT was unclear (RR, 0.87; 99% CI, 0.72-1.05; P = 0.05) or when there was EGDT with more fluid volume in patients with severe sepsis and septic shock (RR, 0.77; 99% CI, 0.55-1.06; P = 0.04). Sensitivity analyses for the effects of EGDT on mortality in severe sepsis and septic shock patients with higher severity of illness and timing were performed (Table 4 ).
The Effects of EGDT on ICU Length of Stay in Severe Sepsis and Septic Shock Patients
The ICU length of stay was also evaluated ( Figure 5 ). Five studies 10, [14] [15] [16] [17] reported ICU length of stay by mean ± SD. However, the ICU length of stay was reported by median and interquartile ranges in the ARISE 11 and the ProMISe trial 12 with a large sample size. As a result, we used median instead of mean, and SD was calculated by interquartile range divided by 1.35. Compared with control care, EGDT displayed no beneficial effect on ICU length of stay in severe sepsis and septic shock patients.
Random Errors
To correct for random error and repetitive testing of sparse data, TSA was calculated with α = 0.05 and β = 0.20 (power 80%). The required diversity-adjusted information 17 No detailed sequence generation was reported by the study of Wang et al 15 and Chen et al. 18 The group assignment sequence was generated by an independent statistician using a parallel design, balanced randomization schedule in the study of Jones et al. 16 Randomization was performed with the use of a centralized Web-based program in variable block sizes of 3, 6, or 9 by the ProCESS study. 10 Randomization was stratified according to study center with the use of a permuted block method and was performed by means of a centralized telephone interactive voice-response system that was accessible 24 hours a day by the ARISE study.
11 Study-group assignment was performed by means of randomized permuted blocks, with variable block lengths of 4, 6, and 8, and stratified according to site by the ProMISe study. 12 Allocation concealment: No detailed allocation concealment was reported by Wang et al, 15 Chen et al, 18 Yan et al, 14 and Lu et al. 17 Rivers et al 6 and Jones et al 16 used sealed, opaque, randomly assorted envelopes. Stratification according to site and race with the use of a centralized Web-based program was used by the ProCESS study. 10 Randomization was stratified according to study center with the use of a permuted block method and was performed by means of a centralized telephone interactive voice-response system that was accessible 24 hours a day by the ARISE study.
11 Study-group assignment was performed by means of randomized permuted blocks, with variable block lengths of 4, 6, and 8, and stratified according to site by the ProMISe study.
12
Blinding: Clinicians who subsequently assumed the care of the patients were blinded to the treatment assignment in the study of Rivers et al. 6 Blinding was not reported by the study of Wang et al, 15 Chen et al, 18 Jones et al, 16 Yan et al, 14 and Lu et al. 17 The clinical coordinating team and investigators at the participating sites remained unaware of the study-group outcomes until the data were locked by the ProCESS study. 10 No blinding to study-group assignment was reported by the ARISE study 11 and the ProMISe study.
Incomplete outcome data: All trials described the follow-up. Selective reporting: The study protocols of the ProCESS study, 10 the ARISE study, 11 and the ProMISe study 12 were obtained. Other bias: No evidence of other sources of bias.
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ANesthesiA & ANAlgesiA size based on the intervention effect was suggested by the included trials using a random-effects model (with the relative risk reduction of 9.5% regarding mortality and 21,342 patients). TSA indicated lack of reliable and conclusive evidence for a beneficial effect of EGDT for the longest complete follow-up mortality in severe sepsis and septic shock patients ( Figure 6 ) because the monitoring boundary was not surpassed and the required information size was not reached.
DISCUSSION
Our meta-analysis showed no significantly reduced allcause mortality in patients resuscitated with EGDT when compared with control therapy. This meta-analysis differs considerably from those of recently published meta-analyses, but we obtained similar results. [22] [23] [24] [25] In our meta-analysis, TSA indicated lack of firm evidence for our results because of considerable heterogeneity between groups. Our results suggest that although 3 recent multicenter randomized controlled studies reported negative results, conclusive evidence regarding the benefit of EGDT is not possible, and more randomized controlled trials are needed.
Our results, however, suggest that some patient subgroups may benefit from EGDT. In our meta-analysis, for example, we found a trend toward the longest complete Figure 2 . The effects of early goal-directed therapy (EGDT) on mortality in patients with severe sepsis and septic shock. Mortality data were recorded during the data extraction. When there is >1 value about mortality published in the article, the longest complete followup was preferentially used for evaluation of all-cause mortality. However, when 28-day or 90-day mortality values were not presented, intensive care unit (ICU) or hospital mortality or mortality at other time points were recorded. Ninety-day mortality was reported by the ARISE study, 11 the ProCESS study, 10 and the ProMISe study. 12 Sixty-day mortality was reported by the study of Rivers et al. 6 Twenty-eightday mortality was reported by the Yan study.
14 Fourteen-day mortality was reported by the study of Wang et al. 15 In-hospital mortality was reported by the study of Rivers et al, 6 the study of Jones et al, 16 Lu study, 17 ARISE study, 11 ProCESS study, 10 and ProMISe study. 12 ICU mortality was reported by the study of Chen et al, 18 the study of Wang, 15 Yan study, 14 and ARISE study. 12 CI indicates confidence interval; RR, relative risk. Figure 3 . The effects of early goal-directed therapy (EGDT) on mortality in severe sepsis and septic shock patients with different severity of illness. The severity of illness was reported in each study by the acute physiology and chronic health evaluation II score (APACHE II score), and the data were presented as mean ± SD or medians (interquartile ranges). The distinction between higher severity of illness and less severity was differentiated by us according to the means of APACHE II scores in each article. The APACHE II score of the included patients in 5 trials 6, 10, 14, 15, 17 were >20, the remaining 3 11, 12, 18 were <20 or unclear. CI indicates confidence interval; RR, relative risk. Figure 4 . The effects of goal-directed therapy on mortality in severe sepsis and septic shock patients with and without central venous oxygen saturation. Mortality data were recorded during the data extraction. When there is >1 value about mortality published in the article, the longest complete follow-up was preferentially used for evaluation of all-cause mortality. However, when 28-day or 90-day mortality values were not presented, intensive care unit (ICU) or hospital mortality or mortality at other time points were recorded. Ninety-day mortality was reported by the ARISE study, 11 the ProCESS study, 10 and the ProMISe study. 12 Sixty-day mortality was reported by the study of Rivers et al. 6 Twenty-eightday mortality was reported by Yan study.
14 Fourteen-day mortality was reported by the study of Wang et al. 15 In-hospital mortality was reported by the study of Rivers et al, 6 the study of Jones et al, 16 Lu study, 17 ARISE study, 11 ProCESS study, 10 and ProMISe study. 12 ICU mortality was reported by the study of Chen et al, 18 study of Wang et al, 15 Yan study, 14 and ARISE study. 12 CI indicates confidence interval; RR, relative risk.
ANesthesiA & ANAlgesiA follow-up mortality benefit with EGDT in patients with a higher severity of disease (APACHE II score ≥ 20). In addition, EGDT was associated with decreased ICU mortality when compared with control care. These results suggest that EGDT may have some benefit in more critically ill patients.
As the cornerstone for resuscitation in patients with severe sepsis and septic shock, EGDT has been recommended by the Surviving Sepsis Guidelines, 5 and studies have suggested 3 that every 10% increase in compliance is associated with a significant decrease in the odds ratio for mortality. However, the role of EGDT in the treatment of sepsis remains controversial.
Different study time periods may influence the value of EGDT. Earlier trials supported EGDT for severe sepsis and septic shock patients; however, after 15 years, the most recent 3 trials all failed to show any benefit of EGDT. When comparing these studies with the original study of Rivers et al, there were concerns, including the amount of fluids before randomization and the lower overall mortality rate. These concerns could be explained by the broad implementation of, and compliance with, the Guidelines, suggesting that patients with severe sepsis and septic shock need early attention and resuscitation. The earlier we treat sepsis, the better outcome is shown. Three recent large multicenter trials [10] [11] [12] with lower mortality (ProCESS: 21.0% vs 18.9% vs 18.2%; ARISE: 18.6% vs 18.8%; ProMISe: 29.5% vs 29.2%) compared with the study of Rivers et al (30.5% vs 46.5%) have found no difference in mortality between EGDT and control care, leading to lively discussions. [26] [27] [28] [29] Possible explanations for the difference between trial results include the study population, intervention methods, and goals. The timing and volume of fluids, for example, may play an important role. 30 As a result, the focus during the golden time of resuscitation for septic shock should be fluid administration. However, in the recent trials, the volume of fluid administration is less (ProCESS: 2805 ± 1957 vs 3285 ± 1743 vs 2279 ± 1881 mL; ARISE: 1964 ± 1415 vs 1713 ± 1401 mL; ProMISe: 2226 ± 1443 vs 2022 ± 1271 mL) than that in the study of Rivers et al (4981 ± 2984 vs 3499 ± 2438 mL).
Many EGDT protocols specify using CVP and Scvo 2 monitoring to guide management of fluids, vasopressors, packed red-blood-cell transfusions, and dobutamine. Some negative studies 16, 31 have challenged the role of Scvo 2 in EGDT protocols and have used lactate clearance instead. Another multicenter study 32 reported that abnormal Scvo 2 values (90%-100%) observed in the emergency department were associated with increased mortality, indicating that an Scvo 2 target should be achieved in the resuscitation of sepsis.
Our analysis has several limitations. First, only 9 trials were included in our meta-analysis, and some were at high risk of bias. Second, the protocols of control care were different, which may have affected results. Third, different end points were used for mortality evaluation, which may influence the overall results; and ICU length of stay might not be a reliable marker of success because criteria for discharge from the ICU are not uniform.
CONCLUSIONS
The results of this meta-analysis suggested a nonsignificant trend toward reduction in the longest all-cause mortality in patients resuscitated with EGDT. However, TSA indicated lack of firm evidence for the results. High powered, randomized controlled trials are needed to determine the effects. E DISCLOSURES Name: Jing-Yuan Xu, MD. Contribution: This author performed the analysis and interpretation of data and participated in drafting, editing, and submitting the manuscript. Name: Qi-Hong Chen, MD. Contribution: This author reviewed all the articles independently in accordance with the inclusion criteria. Name: Song-Qiao Liu, MD. Contribution: This author reviewed all the articles independently in accordance with the inclusion criteria. Name: Chun Pan, MD. Contribution: This author was responsible for identifying the clinical question and performing the literature search. Name: Xiu-Ping Xu, MD. Contribution: This author was responsible for identifying the clinical question and performing the literature search. Name: Ji-Bin Han, MD. Contribution: This author was responsible for extracting methodological data and identifying the approach for data extraction from graphical sources. Figure 6 . Trial sequential analysis for a relative risk reduction of all-cause mortality of 9.5% in control group in 9 trials. A required diversityadjusted information size of 21,342 patients was calculated based on a control event proportion of 9.5%, early goal-directed therapy (EGDT) induced relative risk reduction of mortality of 9.5% suggested by all trials, α = 0.05 two-sided, β = 0.20 (power = 80%). The cumulated Z-curve (blue) crosses the traditional boundary (P = 0.05) but not the trial sequential monitoring boundary, indicating lack of firm evidence for a beneficial effect of EGDT.
